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Earthquake Activity Near Ascension Island as seen by a
Combined Seismic/Hydrophone Array

Jeff A. Hanson, Holly K. Given, and Jonathan Berger

Institute of Geophysics and Planetary Physics
Scripps Institution of Oceanography
University of California, San Diego

La Jolla, California 92093

Abstract
Earthquake activity in the vicinity of Ascension Island is studied using data from a recently
installed, vefy broadband seismographic station and a network of ocean hydrophones deployed
around the island. The seismic station ASCN recorded 121 local earthquakes over a 188 day
period. Distance from ASCN is computed for 41 of these events, most of which occurred at
approximately 100 km - the distance to the Mid-Atlantic Ridge. A local magnitude scale is cali-
brated and applied to the same 41 events with magnitudes ranging from 0.4 to 4.2. Six earth-
quakes were located using data from the hydrophones and ASCN. Two of the earthquakes occur
on the Ascension Fracture Zone 35 km northwest of the island and the other four near the ridge-
transform intersection. The locations have errors less than 10 km and frequently less than 3 km.
There is no direct evidence for seismicity connected with geothermal activity on Ascension Island

during the observation period.
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Introgluction

Ascension Island is located in the nﬁdﬁle of the Atlantic Ocean 8 degrees south of the equator
(Fig. 1). It lies just 100 km from the Mid-Atlantic Ridge (MAR), making it one of the closest
landmasses to an active, oceanic spreading center. In general, seismic activity is usually observed
in conjunction with known geothermal areas (e. g. Romero et al., 1995), but little is known about
the seismicity of Ascension Island. In October of 1994 a broadband seismic station (ASCN), as
part of the IRIS/IDA Global Seismographic Network, was installed on the island near Butt Crater.
The station is uniqué in several aspects. With a few exceptions, ridge microseismicity studies
have used Ocean Bottom Seismometers (OBS) which, unlike ASCN, are not usually broadband
and have only been deployed for short periods of time (less than 6 months). In addition, there is a
hydrophone array that surrounds Ascension Island run by the U.S. Air Force (Palmer et al., 1994).
In this study ASCN in combination with the hydrophones is used as a mini-network to locate
earthquakes and make a preliminary quantification of the local seismicity around Ascension

Island with the first 188 days of data.

Ascension is a recent volcanic island with rocks dating from approximately 1.5 Ma to 700
years ago (Atkins et al., 1969; Baker, 1973). It is clear that there is extra magma activity in the
area due to the Ascension Hotspot (O’Connor and le Roex, 1992), but the present day location of
the hotspot is not obvious. It was originally proposed that Ascension Island itself marked the cur-
rent position (Burke and Wilson, 1976; Morgan 1971), but since then a detailed magnetic anom-
aly study of the area has placed the hotspot just east of the ridge, a few degrees southeast of
Ascension (Brozena, 1986). Brozena argues that the hotspot feeds magma into the MAR, and the
magma runs north along the ridge until it reaches the Ascension Fracture Zone (due to a majvor

- offset in the MAR). Because of the relatively cold material it encounters there, the magma pools




and spreads out just south of the fracture zone. This causes magma extrusions such as Ascension
Island and a chain of seamounts running perpendicular to the ridge. This addition of heat will

change the extent of brittle lithosphere, and thus the seismicity of the area can be used to test such

hypotheses about ridge dynamics, crustal variations, and magma sources.

Earthquakes larger than magnitude 4.5 associated with the MAR and the fracture zones are
recorded by global seismic networks and reported in catalogs such as the Preliminary Determina-
tion of Epicenters (PDE), however, most of the smaller earthquakes go unreported. The PDE cat-
alog records'earthqﬁake parameters such as epicenter coordinates, depth, origin times and
magnitudes. Earthquakes with magnitudes greater than 6.0 are not seen on ridge segments (Huang
et al., 1986), but they are seen occasionally on transform faults (Bergman and Solomon, 1988).
Therefore the global catalogs only record southern Atlantic earthquakes in the magnitude range

4.5 and 6.0 and many potentially interesting events go unobserved.

Most of the seismicity in the Atlantic occurs on the MAR or along its associated transform
faults. The MAR is a slow-to-medium rate spreading center with a full spreading rate of ~35 mm/
yr. (Cande et al., 1988). The seismicity on the ridge tends to be extensional faulting, while trans-
form faults produce strike-slip earthquakes. The ridge is broken up into major segments which are
about 200 to 500 km long and are offset by large transform faults that are as long as.300 km. On
the MAR these major segments are also broken up into many small segments with small offsets.
The large offset transform faults leave deep valleys in the crust known as fracture zones that
extend perpendicular to the ridge axis, and just 30 km north of Ascension Island is one such val-
ley known as the Ascension Fracture Zone (AFZ) (vah Andel et al., 1973). The AFZ, along with

other fracture zones, tends to be aseismic away from the transform faults according to global




earthquake catalogs. The addition of magma from the Ascension Hot Spot into the ridge is
thought to cause the positive depth anomaly between 8°30°S to 10°00°S (Fig. 2) (Brozena, 1986)
which corresponds to a gap in earthquakes from the global catalogs. This area could be truly

aseismic, or the increase in heat flow limit earthquake magnitudes so that they are unlikely to be

recorded in catalogs, such as the PDE. We specifically look for evidence of seismicity in this area.

Instrumentation

A very broadband seismographic station was installed near Butt Crater, Ascension Island by
Project IDA of Scripps Institution of Oceanography as part of the Global Seismographic Network
program managed by Incorporated Research Institutions for Seismology (IRIS). The station,
ASCN, located at 7°56°S, 14°22"W, began routine operation on 9 October 1994. The station uses
a Teledyne Brown KS54000 three-component seismometer capable of recording ground motions
from a few milliHertz to about 5 Hz; the sensor is deployed in a 7-inch diameter, cased, dry bore-
hole at 100 meters depth to minimize ground vibrations resulting from surface effects such as
wind and barometrié changes. Additionally, a three-component Streckeisen STS-2 seismometer is
used to record higher frequency seismic waves (up to about 35 Hz) that can result from nearby
earthquakes; this instrument is contained in a sealed canister fixed to a concrete pedestal and bur-
ied at about one meter depth. Analog outputs of the sensors are digitized by a high dynamic range
analog-to-digital converter and the resulting data streams are digitally filtered and decimated to
more useful sample rates. Data from the broadband borehole sensor are continuously recorded at
20 samples per second, 1 sample per second; and 0.1 sample per second; 100 samples per second
data streams are created from the high-frequency STS-2 sensor, but are recorded only if triggered

by a seismic event; the trigger threshold is adjustable. For this study the threshold is set to a sig-




nal-to-noise ratio of 5.5. Precise timing is provided by the Global Positioning System. Data are
recorded on digital-audio tape (DAT), but can also be retrieved quickly from an internal data
buffer over a dial-up communications circuit in the event of a significant earthquake. All data are

processed and checked at the IDA Data Collection Center before being placed in the open

archives of the IRIS Data Management System.

The hydrophone array is part of the Missile Impact Locating System (MILS) run by the U.S.
Air Force (Palmer et al., 1994). There are 12 Broad Ocean Area (BOA) hydrophones, five of
which are re;:orded on a regular basis (Fig. 1). The instruments surround Ascension Island and are
within 30 km of its shore except for one instrument that is about 100 km south of the island. These
hydrophones are tethered to the seafloor and are located between 800 and 1600 meters depth.
Most of the BOA hydrophones reside near the oceanic sound channel axis - an acoustic
waveguide which is caused by a minimum in the speed of sound in water with depth. Because of
this, the hydrophones not only record P- and S-phases, but also 7-phases (earthquake energy that
propagates in the ocean waveguide, e. g. Fig. 1). The hydrophones are continuously recorded at
120 samples per second, and have a low corner frequency of approximately 5 Hz. The BOA
hydrophones along with the seismic station ASCN make a unique array for studying mid-ocean

seismicity.

Earthquake Magnitudes and Distribution

Seismic data are analyzed over a period of 188 days, during which time 121 earthquakes trig-
gered the data recorder. Of these earthquakes, 78 have discernible P, S, or T-phases (e. g. Fig. 1),
. and 41 of those have impulsive P- and S-arrivals with picking errors less than 0.1 seconds allow-

- ing for reliable distance estimates from S minus P times (the time interval between the P- and S-




arrivals) using an appropriate oceanic crustal model (Tolstoy, 1994). Most of the events occur at

approximately 90 to 100 km from ASCN (Fig. 3a) which is the distance to the intersection of the

MAR and the Ascension Fracture Zone.

Knowing the distances to the earthquakes, we can determine seismic magnitudes for the events.
A local magnitude scale similar to Richter’s Jocal magnitude scale for California (Richter, 1935;
Lay and Wallace, 1995) is used:

A
M, = 1og(—T-) +3-log (A) —4.2

where A is the maximum displacement of the S-wavetrain in microns, T is the average period of
the signal in seconds, and A is the distance of the earthquake from ASCN in kilometers. The mag-
nitude scale is calibrated with two earthquakes that have locations and magnitudes in the PDE cat-
alog, but both of these events lie almost 10 degrees away, which is further from the seismic station
than is usually used for local magnitudes. Because of this the magnitude scale may be systemati-
cally biased. Since there is only one seismic station recording per event the magnitude estimates

may also be sensitive to focal mechanism orientation.

Earthquake magnitudes in this study range from 0.4 to 6.2, but most of the events recorded are
between magnitude 1.5 and 2.5 (Fig. 3b). The b-value, which indicates the frequency of earth-
quakes of a certain magnitude relative to another magnitude, is computed by a least-squares anal-
ysis using a magnitude range from 1.5 to 2.5. We do not include magnitudes so small as to be
below the threshold of detectability at the MAR (see below), and not so large that insufficient time

has passed to give a good statistical measure of the frequency of occurrence. The b-value is deter-




mined to be 0.74. Because b-values can be as large as 1, we may be missing some of the smaller

earthquakes, but a value as small as 0.67 is not uncommon (Lay and Wallace, 1995).

We expect that some earthquakes will be too small to discern from the background seismic
noise, and the triggering algorithm will miss events with small signal-to-noise ratios since it is set
to record only wheﬁ this ratio is greater than 5.5. Thus the magnitude detection threshold
increases with distance because of attenuation and geometrical spreading. A minimum observable
magnitude function is computed from data which have reliable S minus P times. This function is
used to determine the isograms in Fig. 2 which show the minimum magnitude earthquake observ-
able at a given distance. The zero magnitude isogram is an extrapolation since we have no magni-
tudes below 0.4. At the MAR, where most of the seismicity originates, earthquakes as small as
magnitude 1.7 are observable; that is almost 3 orders of magnitude smaller than seen in the PDE

catalog for this area.

Earthquake Locations

Using the MILS hydrophone array and the ASCN seismic station together as an array or net-
work we determine precise locations for six earthquakes (Table 1), two along the Ascension Frac-
ture Zone (AFZ) and four at the ridge transform intersection. The USGS program
HYPOELLIPSE (Lahr, 1993) is used to determine locations and 68% confidence error bounds.
The depths are constrained to be less than 10 km, which is a commonly accepted depth for ridge

seismicity (e. g. Toomey et al., 1985, Huang and Solomon, 1988).

Two of the earthquakes occur on the AFZ just northwest of the island (Fig. 2b). These two

events occur close to the array which allows for constraints not ohly on epicentral location but




also on depth. The earthquakes occur near one another on the south wall of the fracture zone. The
earthquakes are shallow, about 1.5+1 km below the seafloor. The first earthquake, the main shock,
has a local magnitude of 2.6, and the second earthquake, an aftershock, has a magnitude of 0.6

and happens two days after the first. These earthquakes are an example of the type of seismicity

that is missed in the global catalogs, which in general show the AFZ as aseismic.

The other four earthquakes are located at the intersection of the MAR and the AFZ (Fig. 2a).
Since the closest instrument is almost 100 km away, depth control is poor, and depths are fixed
during location to be less than 10 km. The median valley of the MAR deepens into a hole as it
approaches the transform fault at the north end of the ridge segment. All four epicenters are near
or within this deep hole, but no PDE earthquakes from the last 7 years lie in this region. Instead,
the PDE events cluster south of the transform on the edges of the median valley. The computed
errors in our locations are less than 3 km for two events and around 10 km for the other two; the
difference is due to whether or not the P-wave is visible at the hydrophone far to the south of
Ascension Island. This station significantly increases the aperture of the array and thus the resolu-
tion of our locations. Although we are dealing with small numbers it seems more than coinci-
dence that earthquakes recorded in the PDE catalog and the earthquakes presented here differ in
location. Our array is west of the MAR and has limited azimuthal coverage, but the oceanic crust
is relatively homogenous which diminishes systematic errors in locations compared to many land
sites. In addition the ray paths used to calculate locations travel just below the crust-mantle
boundary where seismic velocities only vary slightly. Also the distance to the earthquakes are

determined from differential travel times which tends to minimize path dependent effects. It is

- known that the PDE locations in the North Atlantic are biased because of uneven instrument dis-’

tribution (Bergman and Solomon, 1990), and the bias is likely to be similar in the South Atlantic.




For these reasons our locations are probably more accurate than the PDE locations. It is also pos-
sible that the larger earthquakes which are detected in the PDE do not occur on the faults at the

transform-ridge intersection due to some inherent property of the crust (Wolfe et al., 1993), such

as a change in the brittle-ductile transition depth.

Regional Earthquakes

Although locations for regional earthquakes, 2 to 10 degrees away, are not calculated in this
study, two sets of earthquakes are recorded and are interesting in their own right. The two main
earthquakes in the first set occurred several months apart (Fig. 4), and are located near the south
end of the aseismic region on the MAR at about 10°S - 250 km away from Ascension - and have
magnitudes of about 5.0. The seismogram on top of Fig. 4 actually records a double event; two
earthquakes separated by a few minutes. Both seismograms show large surface waves, but lack
visible body waves that one would expect to see in the high-pass filtered data. Although these
events are located in the PDE, which uses body waves for locations, the globally picked P-waves
for at least the first event are few, and all are emergent signals. It is possible the lack of body-wave
energy is due to a shadow zone created by upper-mantle structure (Lay and Wallace, 1995). An
alternative explanation, based on the similarity of the seismograms to those of an upusual earth-
quake in the Santa Maria Basin, California observed by Kanamori and Hauksson, 1992, is that
these events have anomalously slow energy release reducing the high-frequency content and
emphasizing the surface waves. This slow energy release can occur at volcanic sites resulting in

emergent body-wave arrivals (Malone, 1983), and may be the cause of the small P- and S-arrivals.

- The second set of earthquakes (Fig. 5) occurred on a transform fault near the equator. The con-

trast of the seismograms to the first set is striking. In the top seismogram (magnitude 6.2) the P-,




S- and T-phases are clearly visible, as are the surface waves. The bottom seismogram shows a
smaller earthquake with the same T minus P time which occurred several hours after the top event
and is thus taken to be an aftershock. The aftershock lacks any clear S-arrival even though the sig-
nal-to-noise ratio of the P-wave is large enough that one would expect to see it. This same phe-
nomenon is observed in other aftershocks as well. There is nothing unusual about the mainshock.
It is clearly tectonic in origin because the strike-slip moment tensor from the Harvard Quick CMT

database is consistent with the epicenter lying near a major transform fault. An obvious explana-

tion for the lack of S-waves in the aftershocks is not apparent.

Discussion and Conclusions

The earthquakes observed in this study, which occur about every other day, all originate outside
Ascension Island. There are a few unidentifiable seismic events, i. e., P- and S-waves could not be
picked. These may be small, local events on the island either man-made or natural; or they could
be smaller, more distant earthquakes with a low signal-to-noise ratio. A series of events we
recorded have § nﬁﬁus P times of about 1.2 seconds which places them on the island, but these
have been confirmed as ammunition detonations. We see no Qeﬁnite evidence for local (on Ascen-
sion Island) seismic activity of either tectonic or geothermal origin. This is different from current
geothermal fields such as the Coso and Jemez MQuntain Volcanic Fields, in California and New
Mexico respectively, which exhibit active seismicity (e. g. Roquemore and Simila, 1994, Ankeny

et al., 1986).

Ridge seismicity we located does not coincide with PDE locations of previous earthquakes and
is most likely due to the larger systematic mislocation errors of the PDE events. There is no direct

- evidence for seismicity on the shallow portion of the ridge which lacks earthquakes in the global

10




catalogs. Most of the earthquakes in this study are about 100 km away from ASCN, which is
about tI;e perpendicular distance to the ridge, but the aseismic portion of the ridge is further away.
There are four events that are greater than 120 km away which could originate from this shallow
ridge segment, but they more likely occur on the transform fault of the AFZ. The seismicity on

this portion of the ridge will be better constrained when we incorporate data from another Global

Seismographic Network station on St. Helena Island (1290 km to the southeast) installed in June

1995.

This is a p’reliminary study which shows that the ASCN seismic station can be used in conjunc-
tion with the MILS hydrophone array to study Mid-Atlantic Ridge seismicity and local microseis-
micity. Precise epicenter locations, with errors less than 10 km and frequently less than 3 km, are
determined for both ridge and fracture zone earthquakes, and depths are constrained to a precision
of 1 km for the latter. Because it is a permanent installation, this station has an advantage over
previous ridge microseismicity studies which in general are short-term OBS deployments,
although the OBS instruments have the advantage of being directly on the ridge. In addition,
ASCN is a broadband station, something not yet common with ocean bottom instruments. With
this broadband data it will be possible to determine more characteristics of some of the larger
earthquakes, such as fault geometry and time functions of moment release, and with more earth-
quake recordings we will be able to compose a better picture of present day ridge seismicity and

how it relates to ridge dynamics.
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Figure Captions
Fig. 1. Location of Ascension Island and Global Seismographic Network station ASCN
relative to the Mid-Atlantic Ridge and Ascension Fracture Zone. Also shown are locations of
BOA hydrophones of the Missile Impact Locating System (MILS). Records from the MILS
hydrophones (traces labeled “US™) and seismic station ASCN are shown for a M; =3.7
earthquake on the Mid-Atlantic Ridge. The P- and S-phases are seen on all the records,

although the S is only picked on ASCN. The 7-phase is seen on three of the hydrophones, and

is not visible on ASCN or the hydrophone which is in the shadow of Ascension Island.

Fig. 2. (a). Location of seismic station ASCN on Ascension Island with MILS hydrophones.
ASCN and MILS data are used to locate six small earthquakes, shown by their error ellipses.
Also shown are isograms of the observable magnitude threshold estimated from ASCN data.
PDE events from 1988-95 are shown as filled white circles against SEA BEAM bathymetry.
(b). Detail of the area around Ascension Island showing bathymetry from the standard 5-
minute global topography model, ETOPOS5 (National Geophysical Data Center Data

Announcement 86-MGG-07), of the AFZ with magnitude 0 and 1 detection isograms.

Fig. 3. (a). Histogram of number of earthquakes seen at ASCN over a 188-day period, versus
distance inferred from S-P times. (b). Histogram of number of earthquakes seen at ASCN, over

the same period, versus M; calculated using S-wave amplitudes and a relation derived in this

study.

Fig. 4. Raw broadband (left) and high-pass filtered (right) data from ASCN for two similar

earthquakes on the MAR about 250 km away. The earthquakes are similar in that almost no




appreciable body wave energy is seen. The top seismogram contains two earthquakes for
which only the larger has a location. The expected P- and S-arrival times are plotted for the two
magnitude 5 earthquakes. At least part of the two bursts of energy seen in the top high-passed

seismogram is due to the T-waves from the two earthquakes; this is confirmed with hydrophone

data. The first arrival present in the lower seismogram is possibly the S-wave.

Fig. 5. Raw broadband (left) and high-pass filtered (right) data from ASCN for two
earthquakes on 18 May 1995. The upper event was in the PDE catalog and occurred on a
transform fault 1142 km north of ASCN. The lower event is not in the PDE catalog, but is
presumed to be an aftershock because the T-P times seen in the filtered data are similar;

however no S-phase is apparent.




TABLE 1. Locations of Local Earthquakes

Event Date Location Depth (km) 68% error ellipse (km) My,
1 22 Dec 1994 7°45°S, 14°38°W 1.5+£0.8 0.5x0.9 2.6

2 25 Dec 1994 7°45°S, 14°38°'W 2009 09x1.0 07
3 9 Nov 1994 7°157S, 13°33°'W <10 29x%x3.2 3.7
4 5 Dec 1994 7°257S,13°27°'W <10 6.0x10 1.9
5 10 Dec 1994 7"'22'S, 13°33°'W <10 10 x 20 1.8
6 14 Dec 1994 7°357S, 13°28°W <10 22x24 22
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